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ABSTRACT

Polyacrylamide grafted graphene (PAM-g-graphene) from graphite oxide (GO) was successfully prepared
by y-ray irradiation with acrylamide monomers in aqueous at room temperature in this paper. Our
strategy involves the PAM chains graft on the surface and between the layers of GO by in situ radical
polymerization which led to the exfoliation of GO into individual sheets. Results show that the degree
of grafting of PAM-g-graphene samples is 24.2%, and the thickness is measured to be 2.59 nm. More-
over, the as-prepared PAM-g-graphene with some amino from PAM and little oxygen functional groups
exhibit superior adsorption of Pb(II) ions. The adsorption processes reach equilibrium in just 30 min and
the adsorption isotherms are described well by Langmuir and Freundlich classical isotherms models.
The determined adsorption capacity of PAM-g-graphene is 819.67mgg-" (pH 6) for Pb(Il), which is 20
times and 8 times capacities of that for graphene nanosheets and carbon nanotubes according to reports,
respectively. This chemically modified graphene synthesized by this fast one-step approach, featuring a
good versatility and adaptability, excellent adsorption capacity and rapid extraction, may provide a new
idea for the global problem of heavy metal pollutants’ removal in water.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Graphene, a single-layer carbon sheet with a hexagonal packed
lattice structure, exhibits many unique properties such as high val-
ues of Yong’s modulus, fracture strength, thermal conductivity,
specific surface area, and electrical conductivity [1-4]. Therefore,
it exhibits great potential applications in many technological fields
such as field-effect transistors, solar cell, sensor, supercapacitors,
composites and transparent electrodes [4-9]. The superior prop-
erties of graphene compared to polymers are also reflected in
polymer/graphene nanocomposites [7]. Graphene-based polymer
composites show superior mechanical, thermal, gas barrier, electri-
cal and flame retardant properties, compared to the neat polymer
[10,11]. Graphene and graphene-based polymer nanocomposites
are important additions in the field of nanoscience. However,
graphene tends to aggregate in solution and in the solid state, giving
rise to a great technical difficulty in the fabrication of graphene-
based devices by spin- or blade-coating a solution in organic solvent
[12]. In order to overcome these problems, functionalization and
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dispersion of graphene sheets are of crucial importance for their
end applications.

Graphite oxide (GO)is a layered material produced by the oxida-
tion of graphite. GO consists of intact graphitic regions interspersed
with sp3-hybridized carbons containing hydroxyl and epoxy func-
tional groups on the top and bottom surfaces of each sheet and
sp2-hybridized carbons containing carboxyl and carbonyl groups
mostly at the sheet edges [13,14]. So a great variety of chemical
reactions can occur between the single functionalized molecule and
the functional groups existing in GO structure. The complete exfoli-
ation of GO in various solvents followed by the polymer covalently
grafted to the reactive oxygen functionalities by in situ polymer-
ization would be a promising route to achieve mass production of
chemical modified graphene platelets.

v-Ray possesses the shortest wavelength, highest energy and
a much greater penetrating distance through material atoms due
to its zero charge and mass [15]. y-Ray irradiation has been
extensively investigated as a scalable, simple and cost-effective
technique to control the properties of carbon systems [16-18]. In
former researches, some investigators have proved the reduction
effect to graphene oxide during the y-ray irradiation. Youwei Zhang
et al. reported the approach to prepare well-dispersed graphene
sheets by y-ray induced reduction of a graphene oxide suspension
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in N,N-dimethyl formamide at room temperature [3]. Bowu Zhang
et al. reported the effect of y-ray irradiation on the reduction
of graphene oxide sheets in alcohol/water system and propose
the mechanism of radiation-induced reduction of graphene oxide
in alcohol/water. The reductive radicals produced in the mixture
solvent can be used to create a reducing medium for chemical
reaction under the y-ray irradiation in the absence of oxygen
[4]. In addition, this radiation-induced functionalization is one
of the most effective techniques because of its uniform creation
of radical sites in the respective polymer matrix [19-21]. More-
over, radiation-induced graft polymerization is versatile for vinyl
monomers which undergo free radiation polymerization, and pro-
duction can be easily scaled-up [18,22]. For example, Yang et al.
performed the functionalization of multiwalled carbon nanotubes
by radiation-induced graft polymerization of vinyl monomers in
aqueous solution at room temperature with the desired functional
group using <y-ray irradiation [22]. Lee et al. provided a control-
lable way to prepare hydrogels based on chemical bonds between
the graphene oxide sheets and polymer via a y-ray pre-irradiation
technique [23]. We have previously published research regarding
the GO interlayer functionalization before exfoliation, and prepared
functionalized graphene nanosheets with the potential order of
intercalation, grafting and exfoliation of GO by a one-step y-ray
irradiation protocol [17]. Therefore, this simple and fast one-step
method would be a candidate of scalable way for functionalized
graphene from GO.

Removal of toxic metals is one of the biggest challenges in ensur-
ing safe water for all as well as protecting the environment [24-26].
Lead is the most notorious metal ion found in water with toxi-
cological and neurotoxical natures (brain damage) [27]. At higher
concentration than permissible limit, lead will cause mental retar-
dation, kidney disease and anaemia, etc. [5]. Long term drinking
water containing high level cadmium can cause some disorders
such as diarrhea, nausea, muscular cramps, renal degradation,
lung insufficiency and cancer [28]. To tackle this problem, some
methods have been developed for the removal of pollutants from
water. These are based on physical, chemical, electrical, thermal
and biological principles. The important methods are screening,
filtration and centrifugation, micro- and ultra filtration, crystalliza-
tion, sedimentation and gravity separation, flotation, precipitation,
coagulation, oxidation, solvent extraction, evaporation, distilla-
tion, reverse osmosis, ion exchange, electrodialysis, electrolysis,
adsorption [24-28], and so forth. In these technologies, adsorp-
tion is considered to be high efficiency, cost-effectiveness, simple
operation, and environmental friendliness [29], and it is signifi-
cant to exploit simple, novel and high efficient adsorbents for this
approach.

Recently, graphene with super large surface area (2630m2g-1)
and flat structure can be used as an excellent adsorbent [30-32].
However, the use of graphene for the applications like wastewa-
ter adsorption is limited. This mainly results from its difficulty in
preparing composites with other materials because the surface of
a graphene sheet has little reactive groups [12,31]. Therefore the
reactive groups on the surface of graphene oxide provide a good
compatibility with polymers and form a graphene oxide/polymer
composite with a stable structure [30,32-34]. Considering the
abundant oxygenic groups, the adsorption presumably occurs on
the surface of graphene oxide/polymer nanocomposites when
graphene oxide/polymer nanomaterials were used as an adsorbent
for removal of heavy metal ions from aqueous solutions. Up to
now, graphene oxide and its composites have been applied in the
adsorption of heavy metal ions, such as Au(IIl), Pt(IV), Cu(II), Cd(II),
Pb(II), Zn(II) and Hg(II) ions [5,30,33-36]. These effective adsor-
bents with strong hydrophilicity, huge specific surface area, and
a particular nanosheet structure could improve their adsorption
capacity.

Scheme 1. Schematic of the synthesis of PAM-g-graphene by the y-ray irradiation.

In this work, we have presented and discussed the results
concerning the effect of y-ray treatment of graphite oxide and
acrylamide (AM). Our strategy involves the PAM chains graft on the
surface and between the layers of GO by in situ radical polymer-
ization which led to the exfoliation of GO into individual sheets,
and the y-ray induced reduction further to produce the functional-
ized graphene sheet simultaneously. The characteristics results of
UV-vis absorption, Fourier transform infrared spectroscopy (FTIR),
X-ray photoelectron spectroscopy (XPS), X-ray diffraction (XRD),
thermogravimetric analysis (TGA) and atomic force microscopy
(AFM) analyses showed that PAM-g-graphene is synthesized by
the co-irradiation between GO and AM monomers in water at
room temperature. The sample was firstly degassed overnight at
120°C, and then the obtained N, adsorption-desorption isotherms
were evaluated to give the N,-BET specific surface area (SSA). The
formation of the PAM-g-graphene with some amino, little oxy-
gen functional groups would be a new polymer composite for
the removal of heavy metals from industrial wastewater. Conse-
quently, we investigate its ability to treat wastewater that contains
Pb(II) ions. In a controlled experiment, we used the GO to per-
form the adsorption experiment using the same procedure. The
adsorption ability of Pb(II) by pristine, oxide, chitosan, electrolysis
modified graphene and graphite oxide is compared. This chemi-
cally modified graphene synthesized by this fast one-step approach,
featuring a good versatility and adaptability, excellent adsorption
capacity and rapid extraction, may provide a new idea for the global
problem of heavy metal pollutants’ removal in water.

2. Materials and methods
2.1. PAM-g-graphene preparation

GO was prepared following the improved Hummers method
and subsequently freeze-dried for 48 h to obtain GO blocks. Then
freshly-prepared GO blocks (250mg) and acrylamide (500 mg)
were mixed in 100 ml deionized water and sonicated for 30 min
to disperse the solids homogeneously. The resultant mixture
was deoxygenated by bubbling high-purity nitrogen for 15 min
and then irradiated with the absorbed doses of 300kGy (dose
rate: 0.8kGyh~!) by vy-ray under atmospheric pressure and
ambient temperature. The preparation of PAM-g-graphene com-
posite is schematically shown in Scheme 1. After irradiation, the
grafted GO was purified by cycling centrifugate/deionized water-
redispersion, until no absorption peaks appeared by the UV-Vis
spectrum of the supernatant for the resultant mixture. The obtained



310 Z. Xu et al. / Applied Surface Science 316 (2014) 308-314

PAM-g-graphene was freeze-dried for 24 h and vacuum dried at
50°C for 12h later. The preparation process was systematically
investigated by UV-Vis spectrum, FTIR XPS and XRD. The degree
of grafting (DG) was estimated by TGA for the GO and PAM-g-
graphene and was calculated using Eq. (1):

_ Rg-R
Rc —Rp

DG(%) x 100% (1)
Wherein, Rg, R and Rp represent the residual weight percentage
(wt%) of GO, and PAM-g-graphene, PAM pyrolysis, respectively.

2.2. Adsorption experiments

Adsorption tests of Pb(Il) ions on PAM-g-graphene at varying
adsorption time and initial Pb(Il) ion concentration were carried
out by abatch method. For the batch adsorption experiments, about
1 mg PAM-g-graphene is added to 10 mL of Pb(Il) aqueous solu-
tion with the desired concentration at pH 6.0 £0.1. To facilitate
thorough mixing, we mildly stirred the solution for 120 min, and
then the adsorption proceeded under static conditions at 293 K for
24h to reach equilibrium. After a desired adsorption period, the
solid was separated from the solution by centrifugation, and then
the concentration of Pb(II) ions after adsorption was measured by
ICP-MS analysis. In a controlled experiment, we used the GO to
perform the adsorption experiment using the same procedure. The
adsorption isotherm was obtained by changing the concentration
of Pb(II) solution in the range of 5-100mgL-! and repeating the
experiment under similar conditions. The amounts of Pb(Il) ions
were calculated from the difference between the initial concen-
tration (Cy, mgg~1) and the equilibrium one (Ce, mg g~1) (Sorption
%=(Co — Ce)[Co x 100%, and Cs = (Cy — Ce)/m x V, where C; is the con-
centration of metal ion adsorbed on adsorbent, V is the volume of
the suspension (L), and m is the mass of adsorbent (g)).

3. Results and discussion
3.1. Synthesis and characterization of materials

The chemical change from GO to PAM-g-graphene is confirmed
by UV-vis absorption in Fig. 1(a). From the digital picture of GO
and PAM-g-graphene dispersions in water, the color of GO disper-
sion changes from light brown to black after «y-ray irradiation with
AM. As it is clearly seen, this increased absorption in the visible
region is to be expected if reduction succeeds and aromatisation
is enhanced [37]. In addition, the PAM-g-graphene dispersions in
water is stable for 24 h, which further suggests that some of the
hydrophilic PAM chains are grafted onto the GO sheets during
the polymerization of AM. In water, the spectrum of GO disper-
sion presents two characteristic features: a maximum at 230 nm,
corresponding to m—7* transitions of aromatic C-C bonds, and a
shoulder around 300 nm, assigned to n-7* transition of C=0 bonds
[21,37]. After formation of PAM-g-graphene via y-ray irradiation,
the peak of PAM-g-graphene is observed at 260 nm. The maximum
of the band assigned to aromatic bond has red-shifted to 260 nm,
and this is attributed to the electronic conjugation within PAM-g-
graphene restored by the y-ray irradiation-induced grafting of PAM
[38,39].

XRD was an important tool to understand how the entry of the
functional groups affects graphene interlayer spacing via the y-ray
irradiation [40]. Fig. 1(b) shows the XRD patterns of GO and the
as-prepared PAM-g-graphene by irradiation. GO powder shows a
sharp peak at around 26 =10.7°, corresponding to the (00 1) reflec-
tion, which indicates that the interlayer space (0.82 nm) is much
larger than that of pristine graphite (0.34 nm) due to the introduc-
tion of oxygen-containing functional groups on the graphite sheets.
After PAM chains were introduced onto the GO sheets, the XRD

peak of PAM-g-graphene was hardly observed, indicating that the
PAM-g-graphene has been exfoliated effectively during the in situ
polymerization induced by the y-ray irradiation. Compared with
GO, the intensity of (00 1) peak disappears in the XRD pattern for
PAM-g-graphene, revealing that most of the PAM chains interca-
lated into the interlayer of GO, which promote the exfoliation of
GO sheets. The functional groups in the surface and between the
layers of GO have been evidenced by UV-vis absorption in Fig. 1(a)
and the following analysis.

The conclusion is also authenticated by XPS analysis. As shown
in Fig. 1(c), the intensity of the peak corresponding to sp2-
hydridized carbon located at 284.4 eV continually increases from
GO to PAM-g-graphene, while the change of oxygen content shows
the opposite trend. GO shows C/O mole ratio of 1.9 and this value
increases to 10.3 after irradiation with AM, which indicate the
elimination of most functional groups and the slight reduction
of graphene sheets. It should be noticed that PAM-g-graphene
exhibits nitrogen content as 3.1%, which further confirms the PAM
functionalization on the surfaces of graphene. Additionally, in the
Cls spectra of PAM-g-graphene (Fig. 2(d)), the binding energy of
284.4 eV is attributed to the C-C, C=C, and C-H bonds and the peak
appears at 288.4 eV is assigned to the O=C-N of PAM [29,37]. It also
proves the presence of PAM groups in the perapared functionalized
graphene nanosheets.

This study used FTIR spectra for the qualitative chemical anal-
yses of functional groups grafted on GO. From the spectrum of GO
(Fig. 1(b)), the peak at 3400 cm~! was according to the -OH vibra-
tion stretching. It also showed bands due to carboxyl C=0 (1736
and 1630cm~1) and C-0(1390cm™1), epoxy C-0 (1228 cm~') and
alkoxy C-O (1054 cm~1) groups situated at the edges of the GO
nanosheets [41,42]. The disappearance of moiety characteristic
peaks of oxide groups in PAM-g-graphene indicates that GO has
been partially reduced to graphene. In the spectrum of PAM-g-
graphene, the new emerging peak could be observed at 3200 cm™!,
corresponding to the —NH stretching of the PAM unit [41]. The
absorption band at 2937 cm~! can be assigned to the PAM asym-
metric stretching vibration of C-H [42]. The peak around 1662 cm™~!
and 1605 cm~! is ascribed to the in-plane deformation vibration of
N-H bond [38]. So the FTIR spectra suggested the successful graft-
ing of PAM onto GO to form PAM-g-graphene and some reduction
effect of y-ray irradiation on GO.

TGA was used to evaluate the content and species of polymer
attached onto GO shown in Fig. 1(f). For GO, the mass loss in the
range of 100 to 200 °C s about 38.67%, attributed to the decomposi-
tion of labile oxygen [42,43]. For PAM-g-graphene, the first weight
loss about 10% occurred from 50 to 100°C as a result of moisture
loss of the grafted hydrophilous PAM, and the second weight loss in
the range 200-600 °C was due to the pyrolysis of the labile oxygen-
containing functional groups and the grafted PAM moieties [41].
The mass loss of PAM-g-graphene was 51.03%, which indicating
the decrease of thermally stable to PAM-g-graphene. Assuming the
grafted polymer chains were completely pyrolyzed, the weight per-
centage of grafted PAM chains was as high as 24.2 wt%, as calculated
according to Eq. (1).

The N,-BET specific surface areas of the GO and PAM-g-
graphene are 46.4 and 128 m2 g1, respectively. The amino and
little oxygen functional groups in PAM-g-graphene were easily
reacted with carboxyl in another GO flake, which should result
in the agglomerations of PAM-g-graphene. Moreover the samples
were degassed overnight at 120°C for SSA measurements. Since
PAM-g-graphene powders tend to aggregate together, the SSA is
normally lower than the theoretical value, and gas adsorption gives
a much lower SSA value than that of liquid adsorption (the stable
colloidal suspensions of GO and PAM-g-graphene). It is reasonable
that the N,-BET surface area of PAM-g-graphene is relatively lower.
Thus, the introduction of PAM chains with functional groups to the
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Fig. 1. (a) UV-Vis spectra of GO and PAM-g-graphene. The insert shows the photographs of GO (left) and PAM-g-graphene (right) dispersion in water after 24 h, (b) XRD
patterns of GO and PAM-g-graphene, (c) XPS full-scan spectra for GO and PAM-g-graphene. The insert shows the nitrogen atom for GO and PAM-g-graphene, (d) XPS C1s
spectra of PAM-g-graphene, (e) FTIR spectra of GO and PAM-g-graphene, (f) TGA curves (in N, ) of GO and PAM-g-graphene with a heating rate of 5°Cmin~".

surface and interlayers of GO sheets is the main reason to increase
the adsorption capacity of PAM-g-graphene for heavy metal.

The morphology of the prepared PAM-g-graphene is studied
using AFM. As shown in Fig. 2(a-d), cross-sectional AFM analyses
were conducted to investigate the structural features of GO soni-
cated for 2 hand PAM-g-graphene sheets dispersed in water. As can
be seen in Fig. 2(b), many free-standing sheets with morphology
similar to that of graphene oxide (Fig. 2(a)) and with sizes ran-
ging from 500 nm to several micrometers are observed. From the
cross-section analysis, we could find that the thicknesses of pris-
tine GO single-layer sheets we prepared (~1.30nm) are mostly a
little higher than that reported, which is resulted from the exten-
sive oxidation in the preparation procedure, matching well with the
analysis of XRD. It should be noted that the thickness of the PAM-
g-graphene nanosheets is measured to be 2.59 nm, which is higher
than the pristine GO sheets. The AFM results show good agree-
ment with the above analyses, further implying that the exfoliated

functionalized graphene has prepared via y-ray induced PAM
chains interlayer graft on GO by in situ radical polymerization.

3.2. Absorption of Pb(Il) on PAM-g-graphene

3.2.1. Effect of contact time on the adsorption

The experiment about the effect of contact time on the adsorp-
tion of Pb(Il) onto PAM-g-graphene was executed using the metal
ions concentration of 45mgL-1 at pH 6 for Pb(1I). Fig. 3(a) shows
the kinetic curves of Pb(II) adsorbed onto PAM-g-graphene. It can be
seen that the adsorption of Pb(Il) onto PAM-g-graphene increases
sharply within the first 20 min, and then it rises slowly and reaches
equilibrium in 30 min. The process of adsorption achieved equilib-
rium in such a short time, suggested that PAM-g-graphene has very
high adsorption efficiency and high-value industrial applications.

The kinetic of Pb(Il) adsorption was determined in order to
understand the adsorption behavior of the PAM-g-graphene. The
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Fig. 2. Tapping mode AFM topographic images of (a) graphene nanosheets from the GO sonicated for 2 h, (b) graphene nanosheets from the dispersed PAM-g-graphene in
water, (c) cross-section of graphene nanosheets from the sonicated GO and (d) cross-section of graphene nanosheets from the dispersed PAM-g-graphene in water.

pseudo-second-order kinetic model was expressed as following
formulation (Eq. 2) [28]:

t 1
— =+
q  Krq2

t
Je (2)
where K, is the pseudo-second-order rate constant
(gmg-'min~1)). The values of ge (mgg~!) and K, can be gained
from the slopes and the intercepts of the t/q; versus t (min) plots.
It can be concluded from the kinetic models parameters
presented in Fig. 3(b) that the adsorption process of Pb(Il) on PAM-
g-graphene is in accordance with the pseudo-second-order model.
Moreover, the experimental q. values (440.4mgg-1) are closer
to ge values calculated (458.7mgg~') from the pseudo-second-
order kinetic model. The correlation coefficient value (R? =0.999)
of pseudo-second-order kinetic model for the adsorption of Pb(II)
suggests that the adsorption process of Pb(Il) on PAM-g-graphene
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may be controlled by chemical adsorption involving valence forces
through sharing or exchange electrons between sorbent and sor-
bate.

3.2.2. Adsorption isotherms

The Langmuir and Freundlich isotherm models are conventional
models among the abundant isotherm models, and the adsorption
isotherm models are used to fit experiment data usually and help
to explore the adsorption mechanism much deeply. The Langmuir
isotherm describes a homogeneous monolayer adsorption mean-
ing all the adsorption sites have equal adsorbate affinity, and is
expressed as Eq. (3) [44,45]:

Ce 1 Ce
e __- 4=t 3
QK " 3)
0.204 (b)
Pseudo-second-order
o5 Y=0.00218X+0.00679
B R*=0.999 L
g .
0.10 T
o
0.054 o
. =
0.00 , . ; :
20 80

t/min

Fig. 3. Effects of contact time on adsorption of Pb(Il) on removal efficiency by PAM-g-graphene (a) and the pseudo-second-order kinetics (b).
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Fig. 4. (a) The Langmuir isotherm; (b) the Freundlich isotherm for the adsorption of Pb(Il) onto the PAM-g-graphene and GO at 293 K.

Table 1

A comparison results between two isotherm models for Pb(II) adsorption on PAM-g-graphene and GO.

Langmuir parameters

Freundlich parameters

Qo (mgg™") Ki (Lmg™') R? Ke (Lg™") n R?
PAM-g-graphene 819.67 0.045 0.9657 54.60 1.816 0.9057
GO 604.00 0.129 0.9964 178.25 2.782 0.9474
On the other hand, the Freundlich isotherm model assumes the Table 2
multilayer adsorption with heterogeneity. It can be described as Eq Comparison of maximum adsorption capacities for Pb(II) onto various adsorbents.
(4)[35]: Adsorbent Adsorption Conditions Reference
capacity (mgg')
l e —
InQ =InKg + o InCe (4) pH T(K)
Graphene nanosheets 35.7 4 303 [29]
Where C. is the equilibrium concentration of metal ions in Graphite oxide 30.1 - Rt [46]
solution (mgL-1), Q is the adsorbed value of metal ions at equilib- ;[arbon Nanotubes 1(7)(23-;‘4 g ?(tB [‘21;]
rium concentration (mgg-1), Qp and K; is the Langmuir constants iﬁ?gs';n /graphene : (28]
related to the adsorption capacity (mgg~') and energy of adsorp- oxide
tion (Lmg~1), respectively. Plotting Ce/Qe against Ce gives a straight Functionalized 405.9 5.1 Rt [5]
line with slope and intercept equal to 1/Qq and 1/(K.Qyp), respec- graphene (GNSP™)
tively. K¢ (mol'~"L"g~1) and n are Freundlich constants related Fe(‘z‘)’(‘il;é’ered graphene 842 6 293 (33]
to the adsorption capacity and adsorptlon 1nteI.151ty, respectlvely. Few-layered graphene 1150 6 313 (33]
The value of Kr represents the adsorption capacity when the equi- oxide
librium metal ion concentration equals to 1 and n represents the Few-layered graphene 1850 6 333 [33]
degree of dependence of the adsorption on the equilibrium con- oxide
centration LS-GO-PANI composite 2164 5 303 [34]
° . SiO,/graphene 113.6 6 298 [48]
The fitting curves between the uptake Q. and the equilibrium composite
concentration of metals ions (Ce) by the Langmuir and Freundlich PAM-g-graphene 819.67 6 293 This work
GO 604.00 6 293 This work

isotherms are shown in Fig. 4, and the various isotherm parameters
are listed in Table 1. The adsorption of Pb(II) for GO and PAM-g-
graphene is well fitted to the Langmuir isotherm model with the
higher R? value. It indicates the adsorption process took place at
specific homogeneous sites within GO and PAM-g-graphene which
is regarded as monolayer adsorption. The theoretical maximum
adsorption capacity, Qg, determined by the Langmuir isotherm
gives an adsorption capacity of GO and PAM-g-graphene for Pb(II)
was 604 and 819.67mgg~!, respectively. The adsorption results
suggested that the as-prepared PAM-g-graphene with PAM chains
and little oxygen functional groups exhibits higher adsorption
capacities of Pb(II) compared with GO. The strong adsorbability is
attributed to the excellent properties of PAM-g-graphene such as
water dispersibility and the functional groups on the PAM. Other-
wise, the comparison of our adsorbent with some other sorbent
materials for adsorption of Pb(II) is listed in Table 2 (Rt means
room temperature). The adsorption capacities of PAM-g-graphene
is 20 times and 8 times as strong as that of graphene nanosheets
and carbon nanotubes, respectively. In previous work, Guixia Zhao
et al. have demonstrated a kind of few-layered graphene oxide
nanosheets, which have maximum adsorption capacities of Pb(II)
ions calculated from the Langmuir model were about 842, 1150,
and 1850mgg-! at 293, 313, and 333K, respectively [33]. It’s

indicated that the maximum adsorption capacities for their few-
layered graphene oxide nanosheets and our PAM-g-graphene at
293 K were approximate. However, the process time of adsorption
achieved equilibrium for their samples was 24 h, which was much
longer than our report in the present work (30 min). Consequently,
this simple, novel and high efficient adsorbent for removal of Pb(II)
from water has great prospect for industrial application.

4. Conclusions

In summary, we prepared PAM-g-graphene directly from GO
in aqueous by y-ray simultaneously radiation with AM monomers
at room temperature. The TGA results show that the degree of
grafting of PAM-g-graphene sample is 24.2%, and the AFM results
show that the thickness is measured to be 2.59 nm, which is higher
than the pristine GO sheets. The experiment of absorption of Pb(II)
on PAM-g-graphene indicates that the adsorption processes reach
equilibrium in just 30 min and the maximum adsorption capac-
ity of PAM-g-graphene is 819.67mgg~' which is 20 times and
8 times as strong as that of graphene nanosheets and carbon
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nanotubes according to reports. This new type composite synthe-
sized by this fast one-step approach, featuring a good versatility
and adaptability, excellent adsorption capacity and rapid extrac-
tion, may provide a new idea for the global problem of heavy metal
pollutants’ removal in water.
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